INTRODUCTION
Macrophages recently have received renewed attention in relation to their potential role in atherogenesis because they appear to be precursors of some arterial wall foam cells. The intracellular accumulation of lipid may be mediated by cell surface receptors that recDr. Chait is a recipient of U. S. Public Health Service Special Emphasis Career Award AM 00592.
Received for publication 5 September 1981 and in revised form 5 November 1981. ognize chemically modified lipoproteins (1, 2) . Also, macrophages secrete a multitude of products (3), some of which may be important in atherogenesis (4) . Zilversmit (5) has proposed that lipid accumulation in atherosclerotic lesions may be facilitated by the local production of lipoprotein lipase, which would transform triglyceride-rich lipoproteins into remnants that are small enough to enter the arterial wall (5) . Therefore, the recent demonstration that macrophages of animal origin produce lipoprotein lipase (6) is of considerable interest. The present study was undertaken to determine whether macrophages of human origin also produce this enzyme.
METHODS
Subjects. Monocytes were obtained from two normal female volunteers (S.M. and C.M.) aged 27 and 26, respectively, and from a 31-yr-old male (R. S.) with primary lipoprotein lipase deficiency. This patient had no lipoprotein lipase activity either in his adipose tissue or plasma during an infusion of heparin (subject No. 4 in reference 7).
Isolation and culture of monocyte/macrophages. Monocytes were separated from whole blood by method B of Fogelman et al. (8) . In brief, erythrocytes were removed by sedimentation in Plasmagel, after which the leukocytes in the supernatant plasma were separated by counterflow centrifugation in a Beckman J6 Elutriator rotor (Beckman Instruments, Inc., Palo Alto, Calif.). Cells from the late appearing monocyte enriched fractions were then centrifuged through Ficoll-Hypaque, yielding a preparation of monocytes that was -95% pure.
These cells either were used immediately for experiments, or were maintained in culture (9) . For 7 values were obtained by changing the medium on day 6 and measuring the enzyme activity 1 d later. After removing the medium, the monocyte/macrophage layer was washed once with Krebs-Ringer phosphate (KRP)l buffer at 37°C, and 0.5 ml KRP buffer containing 25% (vol/vol) of serum and 50 gg/ml heparin was added to the dishes. The cells were then incubated for 30 min at 37°C for the measurement of heparin eluted lipoprotein lipase activity. At the end of this incubation period, the medium was removed, the cell layer was washed five times with KRP buffer and 1.25 ml of a detergent solution (0.2% (vol/vol) sodium deoxycholate, 0.008% Nonidet P-40, 50 ,gg/ml heparin, 10 mg/ml bovine serum albumin, and 0.25 M sucrose in 0.22 M Tris-HCI buffer, pH 8.5) was added to extract the cell layer. The cell extract was removed by scraping with a Teflon policeman and then was homogenized using a glass homogenizer. After centrifugation for 15 min at 12,000 g, an aliquot was assayed for lipoprotein lipase. Pellets of freshly isolated monocytes were subjected to serum-heparin elution and detergent extractions by the procedures used for the cell layers, except that the KRP buffer washes were omitted.
To test whether serum stimulated the lipase activity present in the incubation medium, an aliquot of medium was subjected to affinity chromatography on a column (0.5 ml) of heparin-Sepharose CL-6B at 4°C (10) . After washing the column with 1.5 ml of 0.5 M NaCl/0.01 M sodium phosphate (pH 7.5) 15% (vol/vol) glycerol, the lipase activity was eluted with 1.5 ml of 1.0 M NaCl in the same buffer. The eluted enzyme activity then was assayed in the presence and absence of 5% (vol/vol) serum.
I Abbreviation used in this paper: KRP buffer, KrebsRinger phosphate buffer.
Lipoprotein lipase was assayed by a modification of previously described methods (11, 12) using an emulsion of radiolabeled triolein and lecithin as substrate. Adjustments were made such that the final assay mixture contained 10 ug/ml heparin, 5 mg/mI glycerol-tri-['4Cloleate (0.05 uCi/ mg sp act), emulsified with lecithin (0.6 mg/ml), and activated with 5% (vol/vol) pooled human serum. In some experiments, serum was omitted from the assay mixture, or NaCl was added to yield an ionic strength of 1.0. Aliquots of culture medium, serum-heparin eluted enzyme, or cell extracts were incubated with the substrate for 60 min at 370C. The inclusion of detergent did not alter significantly the measured lipase activity. The liberated fatty acids were extracted by the method of Belfrage and Vaughan (13) and measured by liquid scintillation counting (Packard Tri-Carb, Packard Instrument Co., Downers Grove, Ill.). Enzyme activity was expressed as nanomoles of fatty acids released per minute.
RESULTS
To determine whether monocytes or monocyte-derived macrophages produce lipoprotein lipase, enzyme activity was determined in freshly isolated cells and after 1, 4, 7, 14, and 21 d in culture. In freshly isolated monocytes, lipoprotein lipase was detected in the cell extracts from both normal subjects and at low activity in the heparin-eluate from one (Table I) . However, 1 d in culture was enough to increase the activity in the extract as well as to stimulate the release of activity into a heparin eluate and into the culture medium. Continued culture of the cells resulted in a progressive increase in all three fractions. Peak activities in the culture medium and the heparin eluate were seen after 7 d whereas maximal activity in the cell extract was observed after 7 and 14 d, respectively in the two norMacrophage Lipoprotein Lipase (Table  I) . A small amount of lipolytic activity occasionally observed in the cell extracts from this patient was not inhibited by preincubation with an antiserum to lipoprotein lipase (Table II) , and is therefore a different enzyme or an assay artifact. The lipase activity elaborated by the cells from the normal subjects was stimulated by the presence of serum and also was completely inhibited by high ionic strength (Table III) . Furthermore, the lipase bound to heparin-Sepharose in the presence of 0.5 M NaCl (Table III) and was almost completely inhibited by an antiserum to lipoprotein lipase (Table II) . These characteristics establish that the measured enzyme activity indeed is lipoprotein lipase (14) . DISCUSSION These studies show for the first time that human monocyte-derived macrophages synthesize and secrete lipoprotein lipase. Recent studies have shown that an established cell line of mouse ascites tumor origin secrete this enzyme, which was identified as lipoprotein lipase by its requirement for apoprotein C-II, a pH optimum of 8.2, inhibition with 1 M NaCl, tight binding to a heparin-Sepharose affinity column, and enhanced secretion by heparin (6) . Lipoprotein lipase also was present in extracts of rabbit alveolar macrophages (6) . The present study confirms that the enzyme present in and secreted by human monocyte/macrophages also is lipoprotein lipase. It is inhibited by high ionic strength NaCl, requires serum for activation, binds to heparin-Sepharose, and is inhibited by an antiserum to lipoprotein lipase. Equally compelling is that cells derived from an individual with a well characterized primary deficiency of lipoprotein lipase (7) were unable to secrete the enzyme. The small amount of lipolytic activity that was occasionally detected in the cell extract from this patient is unlikely to be lipoprotein lipase, because an effective antibody against this enzyme failed to inhibit this lipolytic activity.
Because macrophages of three widely different origins produce lipoprotein lipase, it is likely that the enzyme is ubiquitous in this cell type. The physiological role of macrophage lipoprotein lipase remains to be established. It is possible that lipoprotein lipase he experiment was performed with cultures obtained from normal subject S.M., day 7. I Tris-HCl buffer contributed an ionic strength of 0.05; the remainder was NaCl. § The serum content of the culture medium contributed a serum concentration of 2% (vol/vol) to the complete assay mixture, and thus decreased the effect of further serum additions. Therefore, an aliquot of medium (3 ml) pooled from four dishes (normal subject C.M., day 12) was subjected to affinity chromatography on a heparin-Sepharose column (Methods). 80% of the lipase was recovered by elution with 1.5 ml of 1.0 M NaCl. The activity of the purified enzyme assayed without serum was only 7.6% of that obtained in the presence of a standard serum concentration (5%, vol/vol). " Elution of cell layer with heparin in the absence of serum did not yield enough enzyme activity for testing of serum stimulation.
492
A 
